Adhesive tapes have been used in serious crimes, such as murder, rape and robbery, because they are very cheap and sold in many convenience stores, and are easily handled. The conventional analytical methods of adhesive tapes can be divided into two categories. One is a chemical procedure, and the other is a physical procedure. In the chemical procedure, the adhesion agent and/or the basic material are mainly analyzed by pyrolysis gas chromatography, 1 Fouriertransformation infrared spectrometry, 2 electron probe microanalysis, 3 an X-ray fluorescence method and diffraction methods. 4 These methods are easily affected by blood, skin and hair from a victim and fibers from clothing and carpeting, because the tapes are used for binding the body, hands and feet and for mouth gags. Therefore, it is often difficult to discriminate the samples.
This method is free of contaminations, such as blood, hair and fibers, on the adhesion agent because the PE film is isolated from the adhesion agent and the basic material by an acid treatment. Furthermore, after the polarization character was transformed into RGB factors, a multivariate analysis was performed in order to eliminate the subjectivity.
In this work, we studied 43 adhesive cloth tapes that were very similar in color. The same tapes were used in a previous study to discriminate them. 4 
Experimental

Samples
Forty-three adhesive cloth tapes from 14 different manufacturers were very similar in color. Their surface color was almost ocher, and the back surface was almost white. The width of the tapes was 50 mm. They were kindly given to us by the manufacturers in 1997, and are summarized in Table 1 along with the use and basic materials. Most samples were used for packing, and their basic material was staple fiber. A few samples were made of synthetic fibers. In addition, there are three sets of original equipment manufactured (OEM) products.
The sample preparation was as follows. Pieces of about 2 × 3 cm of the tapes were cut in a parallel direction. They were immersed in concentrated nitric acid and stirred with a magnetic stirrer for one day. The basic material, the adhesion agent and PE films were peeled off from the tapes. The isolated PE films were washed with distilled water and air-dried at room temperature. Although the color of the PE films almost did not change after the acid treatment, the mesh patterns were clearly observed on the PE films.
Apparatus
A polarization microscope (Nikon Co. Ltd., Model OPTIPHOT-POL) was directly coupled to a digital camera (Nikon Co. Ltd., Model COOLPIX950). The polarization character of the PE films was observed under a condenser lens by an orthoscope with a crossed-nicols mode. Polarization images were taken by a digital camera. The magnification of the observation was about 8 times.
Procedure
The PE film that was removed from the adhesive tape was put between two sheets of slide glass along the length direction, and both ends were fixed with cellophane tape. Each polarization microscope image of a PE film was taken by the digital camera at angles of 0, 45, 90 and 135 degrees. The digital camera was used after a color correction was implemented by a white balance command. Each piece of the PE film was measured at eight different points.
This series of operations was implemented on 43 samples. One polarization microscope image was transformed into RGB, CMYK and L*a*b* factors using image-processing software, Adobe Photoshop ® . The transformed numerical value is the mean value of the brightness of the pixel of each element in one image. Sixteen data (4 angles × 4 factors) obtained from the polarization images were assigned to one point by the RGB method. Twenty and twelve data (4 angles × 5 factors and 4 angles × 3 factors) were obtained by the CMYK and the L*a*b* methods, respectively. The averaged values calculated from eight different points were treated as the sample values. A partial list of the numerical values of three typical samples is summarized in Table 2 , which was used to perform both cluster analysis and principal component analysis.
Results and Discussion
Observation of the polarization images
Polarization images of the three typical samples are shown in If the 43 PE films could be subjectively classified by their polarization color variation, they can be divided into roughly three groups. The first group is a very colorful image, the second is poor color and the last group is between the first and second groups. Figure 1 also shows examples of the above groups from the bottom to the top. The basic material of the upper sample and the middle sample was staple fiber and that of the lower sample was polyester. Characteristic images were observed mainly in synthetic fiber samples.
We found that there were two types in the very colorful image samples. The first type is very colorful at all angles, and second one is only colorful at 90 and 135 degrees. For example, the former group contained sample Nos. 13, 21, 31, 36, and the latter group contained sample Nos. 15, 22, 28. These samples had relatively large RGB factors. This phenomenon was also observed in the CMYK and the L*a*b* methods. 
Effect of the measurement points
The RGB values of eight different points on the three PE films are summarized in Table 3 . The relative standard deviations (r.s.d.) of samples Nos. 1 and 8 were more susceptive at the measurement points than that of No. 15. The B factors were easily affected at the measurement points in all samples at each angle. The r.s.d. of 90 and 135 degrees about No. 1 sample was almost the average of the 43 samples, but those at 0 and 45 degrees were somewhat below the average. The r.s.d. of sample No. 8 was slightly below the average, and that of No. 15 was above the average. The mean values of the r.s.d. of the 43 samples were about 4% except the B factor, which was about twice. These results were enough good considering that the mesh pattern of the PE film at different points was not always the same. In the L*a*b* method, the mean values of the r.s.d. of the 43 samples of the L* factor were about 4%; the a* and the b* factors were less than 1%. In the CMYK method, the mean values of the r.s.d. of the 43 samples of the C, M and Y factors were less than 2% and those of the K and the brightness factors were less than 4%.
Cluster analysis
Cluster analysis (CA) and principal component analysis (PCA) were performed with three kinds of numerical methods. Before the analysis, the sample data were treated with autoscaling by multivariate software, Pirouette ® . A dendrogram of 43 samples by the RGB method is shown in Fig. 2 . It was demonstrated that the 43 samples were roughly divided into three groups. The first group included nineteen samples, the second group included twenty-one samples and the last group included three samples, as shown in the dendrogram from the top. The first group was divided into three groups of seven, one and eleven samples, respectively. The second group was also divided into three groups of seven, nine and five samples, respectively. Then, the 43 samples were finally divided into seven groups. The six arrows show three sets of the OEM products. Samples with the same symbol were the same OEM products. Two of three sets (symbols a and b) belonged to the same group. They were the nearest-neighbor samples. One set (symbol c) did not belong to the same group. This result was in complete agreement with a previous study. On the other hand, 43 samples were divided into five groups by the CMYK method. The three sets of the OEM products belonged to entirely different groups. The dendrogram obtained from the L*a*b* methods was clearly divided into 4 groups. Two of three sets (symbols a and b shown in Fig. 2 ) belonged to the same group. Only one set of the OEM products was the nearest neighbor. The results of CA indicated that the RGB method was a better transformation method than the other two methods.
We also took into consideration the produced makers. For example, Nos. 1 to 7, Nos. 25 to 30 and Nos. 31 to 39 samples were sold by A, I and J makers, as shown in Table 1 . Nos. 1 to 7 samples were divided into two groups; Nos. 25 to 30 and Nos. 31 to 39 samples were divided into three and four different groups, respectively. Classification of the cloth tapes according to the makers was not achieved by CA using the RGB data.
Principal component analysis
The RGB data were used for a principal component analysis (PCA), and the principal component scores (PCSs) were calculated. The relationship between the first and second PCSs of the 43 samples is shown in Fig. 3 . It showed that the 43 samples could be classified into six groups. The six groups partially agreed with the CA results. In Fig. 3 , represents the bottom group of the dendrogram shown in Fig. 2 , stands for the second group from the bottom of the dendrogram, and indicates some part of the third group from the bottom of the dendrogram. The symbol denotes the third group from the top on the dendrogram. All other symbols were mixtures of the groups in the dendrogram.
Those factors having a relatively strong effect on the first PCS were 0 degree brightness, 90 degree R and B, 135 degree brightness and R. The factors of the second PCS were 0 degree B and 45 degree B. Their contribution factors were 57.3% and 21.9%, respectively.
On the other hand, the brightness and the black factors were strongly affected the classification than the color factors in the L*a*b* and the CMYK methods. There were many dark parts in the polarization images, because the condenser lens was used for measurements, as shown in Fig. 1 . As for OEM products, two of the three sets were the same group and the third set was a different group, similar to the CA results. In the L*a*b* and the CMYK methods, two of the three sets of the OEM products were assigned to the same group. However, the individual OEM samples were far apart, and were not the nearest-neighbor samples. A discrimination analysis of the manufacturers of the cloth tapes was not achieved by PCA using the three methods.
Conclusion
A very characteristic mesh pattern and a colorful polarization image of PE films were observed. Forty-three cloth adhesive tapes were roughly divided into three groups by subjective judgement. After they were transformed into the RGB factors, CA classified them into seven groups. On the other hand, PCA classified them into six groups. Two of the three sets of OEM products belonged to the same group. Using RGB data, they were shown to be the nearest-neighbor samples by CA and PCA, indicating that this method is a very powerful tool to discriminate among samples. Table 3 
